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SECTION I 
DESCRIPTION 



1 . 1 General 

The Dataram Corporation model DR-118A memory 
systems are designed to operate in Digital Equipment 
Corporation's PDP-8/A* computers. The memories are 
available in 16K and 8K word by 12 bit versions. 

The DR-118A module occupies two OMNIBUS* card 
slots. The DR-118A memory may be operated with, or 
in place of, the DEC* model MM8-AA or MM8-AB memory. 
Note that the DR-118A can only be used in core 
machines such as the PDP-8/A-400 and PDP-8/A-500 
which are equipped with G8018 power supply modules 
and dedicated core memory slots. 



*Registered trademarks of Digital Equipment Corporation 
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SECTION II 
SYSTEM SPECIFICATIONS 



2 . 1 Capaci ty 

The storage capacity of the DR-118A memory module 
is either 8,192 words or 16,384 words by 12 bits. 

The PDP-8/A may be expanded to 32K by adding 
Dataram DR-118A modules as required, provided the 
DEC KM8- AA Extended Option Board (M8317) or KM8-E 
Memory Extension Control (M837) is present. The 
M8317 or M837 is supplied as standard with core 
PDP-8/A' s. 



2 • 2 Cycle Time 

The cycle time of the DR-118A memory while installed 
in the PDP-8/A computer is 1500 nanoseconds for full 
cycle operations. 



2 . 3 Access Time 

The access time of the DR-118A memory is 300 nano- 
seconds or less. The access time is measured at the 
connector of the memory module. The time delay between 
the +1.5 volt levels of the source pulse and all data 
lines during memory Read cycles is defined as "access 
time". 
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2.4 



Address i ng 



The DR-118A accepts a 15 bit address from the MA 
and EMA bus lines. Provision for expansion 
to 128K via the TPST signal (OMNIBUS Pin AB1) is 
included. The EMA lines originate on the M837 or 
M8317 module. The starting address for the DR-118A 
memory may be assigned to any of the eight 4K memory 
fields by wiring the 16 pin dual-in-line address plug 
(TBI) as follows: 

16 K DR-118A 

TBI Pin Numbers 



Address Assignment 


14 


13 


12 11 


0-16K 


1 


2 


3 4 


4-20K 


2 


3 


4 5 


8-24K 


3 


4 


5 6 


12-28K 


4 


5 


6 7 


16-32K 


5 


6 


7 8 


8K 


DR-118A 
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5 5 


16-24K 
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5 
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20-28K 
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7 7 


24-32K 


7 


7 


8 8 
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2.4.1 Expanded Address 



An additional address or enable signal is received on 
TPST (AB1). TPST (AB1) is used only when the KT8A 
memory management option is used to provide total 
memory of greater than 32K. In this situation, TPST 
(AB1) is wired to the appropriate Bank Select either 
on the backplane or on the DR-118A as follows: 

Bank Select Wire AB1 to EB2 (1st 32K) 

Bank Select 1 Wire AB1 to ED2 (2nd 32K) 

Bank Select 2 Wire AB1 to EL2 (3rd 32K) 

Bank Select 3 Wire AB1 to ER2 (4th 32K) 

Jumper E to F must also be inserted on the memory. 



2 . 5 Operating Modes 

The DR-118A memory, when used in the PDP-8/A computer, 
operates in a Read half cycle followed by a Write half 
cycle mode. The data read from the memory is restored 
if the MD DIR signal line is low. If the MD DIR signal 
is high, then data on the MDXX lines is written into 
the memory. 



2 • 6 Power Requirements 

The DR-118A memory system requires the same DC voltages 
as the DEC memory. The current requirements for each 

16,384 x 12 memory assembly are as follows: 

Operating Standby Voltage 
Amps* Amps To! erance 

+5V 1.7 1.3 ±5% 

+20V 2.4 .1 ±5% 

-5V .15 .15 ±5% 



*Worst Case - All Zeros 
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2.7 Interface 



The memory interfaces with the processor or other 
memories or peripherals via the OMNIBUS. The OMNIBUS 
signals used by the DR-118A are listed below. 

2.7.1 Input Signals 

Signals required by the memory are: 

Address Lines 
Extended Address Lines 
Inhibits Memory Cycles 
Drive Current Timing Signal 
Mode Line 

Inhibit Timing Signal 
Data Save Signal 
Bi-directional Data Lines 
Memory Data Direction 



MAO - MA11 
EMAO - EMA2 
ROM ADDRESS 
SOURCE 
WRITE 
INHIBIT 
POWER FAIL 
MDO - MD11 
MD DIR 



All signals except INHIBIT terminate at the 
memory in National Semiconductor 8837 or 
equivalent integrated circuits. 



2.7.2 Output Signals 

Output signals from the memory are the 12 data 
lines, MD0-MD11. 



All output signals from the memory are driven 

by National Semiconductor Type 8838 or equivalent 

integrated circuits. 



2.8 Mechanical 



The DR-118A memory assembly is designed to fit 
mechanically into the PDP-8/A computer utilizing the 
space of two DEC standard hex modules. The DR-118A 
memory assembly plugs into one card slot; one additional 
slot, however, is used as clearance for the magnetics 
which is plugged onto the back of the memory printed 
circuit board using Amp Mod I pins and receptacles. 
The dimensions of the memory assembly are .78" x 8.94" 
x 15.688". 
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2.9 



Memory Location in Computer Chassis 



The DR-118A memory module must be installed ONLY 
in OMNIBUS slots specifically wired for core memory. 
Such slots have the normal OMNIBUS connector positions 
A through D plus connector E which is wired to provide 
+20V and -5V. The DR-118A may be installed in slots 
4 through 8 of core PDP-8/A's. 



2.10 Envi ronmental 

The DR-118A memory is capable of sustained operation 
in the PDP-8/A computer over the temperature range of 
0°C to +55°C and to 90% relative humidity without 
condensation. 

2.11 Ordering Information 

The DR-118A part numbers and models are: 

61805 16K x 12 

61806 8K x 12 
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SECTION III 
THEORY OF OPERATION 



3 . 1 3D-3 Wire Operation ' - 

A coincident-current core memory, such as the DR-118A has, 
as its basic storage element, a ferrite core which has a 
well-defined switching characteristic- Its operation will 
be explained by referring to Figure 1. This figure _ 
defines the switching characteristic of the core and is 
known as the "hysteresis loop". It shows. the relation- 
ship of the flux (magnetic field strength) in the core 
with respect to the total current flowing through the 
core aperture. Flux above the origin can arbitrarily 
be defined as flux in the clockwise direction and flux 
below the origin will be counterclockwise. The direction 
of flux will define the storage of a "1" or a "0". 
Currents on either side of the origin will have opposite 
directions of current flow through the core. In this 
explanation, current to the right of the origin will be 
considered "Read" current and to the left will be "Write 
current. A core can be in a "1" or "0" state as shown 
on the hysteresis loop. 

If it is in the "1" state, a Read current will put it in 
the "0" state and the flux will change from -$ to 
which means the flux will flip from a counterclockwise 
orientation to clockwise. This change in flux (2 $) 
will cause a voltage to be induced on the sense wire 
which threads the core being interrogated by the Read 
current and this voltage will be detected as a "1" by 
the sensing circuitry connected to the sense wire. 
In the DR-118A system, the "1" output is approximately 
30 mil'.ivolts. If the core had been in the "0" state, 
Read current would cause only a relatively small (approx- 
imately 4 millivolts in DR-118A ) change in flux and, 
therefore, the induced voltage would be seen as a "0" 
by the sensing circuitry since it is below some minimum 
detection level. 

To Write, the switching current polarity will be opposite 
in polarity in relation to the Read current. The Write 
current will cause the flux to go to a counterclockwise 
orientation which defines the core as being in the "1" 
state. When the core does not receive a full Write 
current during a Write operation, it will stay in the 
."0" state. 
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Selection of a particular word in a memory array is shown 
in Figure 2. The intersection of selected X and Y drive 
lines in an array will cause the same corresponding core 
in each bit plane to be pulsed by full Read and full Write 
currents. In Figure 2, the top left core of each bit plane 
is selected and the number of bit planes defines the number 
of bits per word. Some unselected cores may experience 
half-amplitude currents, but the amplitude of these half- 
amplitude currents will not be sufficient to exceed the 
knee on the hysteresis loop (See Figure 1) and the core 
will remain in its previous state. 

The coincidence of half-Write currents at the selected core 
location in each bit would cause the selected core to 
experience full Read and Write currents. This is desired 
during a Read operation, but during a Write operation, it 
is necessary to control the Write current so that either a 
"1" or a "0" may be written. This is accomplished by using 
the sense winding as an inhibit winding during Write time 
and an inhibit driver per bit array. The sense/inhibit 
winding threads every core in the bit array and the inhibit 
driver will pulse current through this winding when a "0" 
is to be written. The inhibit current has theopposite 
polarity to Write current and when it is "on" it cancels 
one of the two half-Write currents. The resultant current 
will be a half-Write, which will be insufficient to switch 
the core and it will remain in the "0" state. 

3.2 System Description 

The DR-llSAmemory system may be broadly divided into four 
basic subdivisions. 

a. Timing and Control Circuitry 

b. Planar Core Array 

c. X and Y Current Drive Circuitry 

d. Data Loop Circuitry 

3.2.1 Timing and Control Circuitry 

The memory, which can only act as a slave to the processor 
or I/O device, receives commands, address and data informa- 
tion on the memory bus. The internal circuitry of the 
memory responds to these signals in the following sequence: 

a. The address information on the memory bus is 
examined. 

b. If the address does not fall within the address 
block to which the memory is strapped, it continues 
to remain in its non-cycling state. Otherwise, the 
mode information on the memory bus is decoded. 
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Timing signals necessary to perform the required 
mode are generated simultaneously and address 
bits 1 through 12 are stored. If the required 
mode happens to be a WRITE operation, then the 
data bits are also stored at the same time. 
(Figures 3 and 4) 



3.2.1.1 Modes of Operation 

Control lines SOURCE, WRITE and INHIBIT in 
conjunction with MD DIR line select the mode 
of operation. 

3.2.1.1.1 Read/Restore (Data Out) 

This is the conventional Read/Restore mode 
where the data read out of (and thus destroyed 
from) the core during the first half of the 
memory cycle at a selected address is automa- 
tically restored into the cores at the same 
location during the second half of the cycle. 

3.2.1.1.2 Clear/Write (Data In) 

This is the conventional Clear/Write mode 
where the cores at a selected location are 
first cleared and then new data is written 
during the second half of the cycle. 

3.2.1.1.3 Read/Modify/Write (Split Cycle) 

The processor will always initiate a Read 
half-cycle followed by a Write half-cycle 
to perform the Read/Modify/Write operation. 



3.2.2 Planar Core Array 

This array is of a dual 3D-3 wire organization and uses 
18 mil lithium ferrite cores. The X:Y aspect ratio of 
the array is 128:128 with 8 drives and 16 sinks. Each 
sense/inhibit line threads through a full complement of 
8,192 cores. The sense/ i nhi bi t lines are terminated 
with two 150 ohm resistors to ground at the sense 
amplifier and at the inhibit switch. The array is 
driven with positive X and negative Y current during 
a Read operation and with negative X, positive Y and 
positive inhibit current during the Write operation. 
This arrangement of the core array permits a "shared 
drive" scheme to be used in the DR-118A system mini- 
mizing the number of components used and thus improving 
the system reliability. See Figure 5 for stack pin 
function. 
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3.2.3 X and Y Current Drive Circuitry (Figures 6, 7 and 8) 



Figure 6 depicts the X and Y current scheme used in 
the DR-118A memory system. The circuitry may be broadly 
divided into three basic sections: 

a. Current Regulator 

b. Address Decoders 

c. Current Switches 



3.2.3.1 Current Regulator 

The current regulator section consists of two 
regulated current sources +STAB and -STAB. The 
+STAB source is used to drive positive current into 
the stack required by X Read and Y Write operations. 
The regulation of this source is done at the +20V 
end of the drive path. The -STAB source drives 
negative currents from the stack during Y Read and 
X Write operations and is regulated at the OV end 
of the drive path. Both +STAB and -STAB sources 
are regulated against a common reference voltage 
so that the X and Y currents in both the Read and 
Write operations remain in balance once they have 
been set. The common reference voltage is controlled 
by a sensistor which changes its resistance with 
temperature and causes the drive currents to be 
compensated for the changes in ambient temperature. 
The current drive is a factory set level of approx- 
imately 390mA at 25°C ambient temperature. 



3.2.3.2 Address Decoders 

The address decoders convert the address 
information from the address receivers to actual 
core locations as seen by the memory. The address 
bits 07, 08, 09 are decoded to select one of eight 
Y drive switches while the address bits 10, 11, 12 
and 13 are decoded to select one of sixteen Y sink 
switches. One of eight X drive switches is selected 
by decoding address bits 04, 05 and 06 and address 
bits 00, 01, 02 and 03 select one of sixteen X sink 
switches. 
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3.2.3.3 Current Switches 

All the current switches (including the inhibit 
switches) used in the DR-118A system are similar 
in electrical design. They are floating switches 
using a transformer-coupled transistor as the 
switch. The decoders, when activated by the 
timing pulses, draw current through the primary 
of the transformer in the selected switch. This 
primary current induces current in the secondary 
connected across the base and the emitter of the 
transistor switching the transistor ON. 

One unique feature of the drive organization is 
the "shared drive" scheme. The same current 
switch that drives Y Read current also drives 
X Write current. Also, one current switch 
drives both Y Write and X Read currents. Thus, 
by time sharing one current switch between the 
X and Y dimensions, the DR-118A memory uses only 
half the drive switches used by a conventional 
design approach to drive an identical size core 
array. 

Another unique feature of the drive organization 
is the "bridge sink" scheme. The sink switches 
are arranged so that a sink node is only serviced 
by one sink switch rather than two as in conven- 
tional drive schemes. This scheme uses only 
half the sink switches required by conventional 
design approaches to drive an identical size 
core array. 

Figure 7 shows a generalized version of this 
"shared drive-bridge sink" arrangement. A 
shared drive scheme is shown in which Qi supplies 
current in the Write direction for the X lines 
and in the Read direction for the Y lines. 
Transistor Qo performs the complementary function 
by supplying current in the Read direction for the 
X lines or in the Write direction for the Y lines. 
Thus, during a Read cycle, Q2 drives the X lines 
and Qi drives the Y lines. During a Write cycle, 
drives the X lines and Q 2 drives the Y lines. 

The direction of current through the drive lines 
is determined by the bridge switch arrangement on 
the sink end of the lines. For the X line, this 
consists of transistors Q3-Q5 and diodes CR5-CR8 . 
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Transistor Q3 is turned on for both the Read 
and Write cycles. Transistor Q4 is turned on 
during the Read cycle only and Q5 during Write 
only. Thus, the path for X Read current is 
through Q4, CR5, Q 3 , CR7, CR2, Q 2 and R2. 
Resistor R2 determines the magnitude of the 
current. The path for X Write current is 
through Rl, Qi, CR1, CR5 , Q 3 , CR8 and Q 5 . 
A similar determination establishes the path 
of current flow in the Y lines. 

Figure 8 shows the complete current path for 
the DR-118A. 
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3.2.4 Data Loop Circuitry (Figures 9 and 10) 

The data loop circuitry consists of the receiver, 
register, sense amplifier, inhibit driver and 
output buffer. The timing signals required for 
the Data Loop are generated in the Timing and 
Control Section. 

A Clear/Write cycle requires resetting the data 
register, then gating the data in from the processor. 
During the Clear half of the cycle, the data in the 
memory is cleared, i.e., the cores are set to zero. 
During the Write half of the cycle, the selected 
address receives a half select current in both^the 
X and Y axes, thereby switching the core to a "1". 
If a "0" is to be written into a selected core 
location, the Inhibit Driver is turned on. This 
opposes the Y Write current and the selected core 
location is therefore left in the "0" state. 

A Read/Restore cycle requires reading out of a 
selected core location and restoring the same 
information. At the start of the Read half of 
the cycle, the data register is reset. The sense 
amplifiers are strobed during the peak of the core 
output and, if the core signal exceeds the preset 
threshold, the sense amplifier goes to a "1", 
setting that bit of the data register. A "0" 
signal will not exceed the threshold voltage 
during the strobe time, leaving that bit of the 
data register in the reset state. During the 
Restore half of the cycle, the data just read 
into the data register controls the inhibit 
drivers, rewriting the original data back into 
the addressed location. 

The strobe adjustment is critical and should only 
be changed when absolutely necessary. It is 
factory set to approximately 300 ns from Source. 
The threshold voltage to the sense amplifier is 
approximately 18 millivolts and is generated by 
a voltage divider network connected to +5V. 

The inhibit driver is a floating, transformer- 
coupled transistor switch. The primary is driven 
from a 75453 integrated circuit. Primary current 
flows in the transformer when the output from the 
data bus (Data "0") and the inhibit timing signals 
are both low at the input to the gate. 
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